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(54) Optical information recording medium 

(57) An optical infonmation recording medium 
includes a transparent substrate, a thin film layer formed 
on said transparent substrate and having a recording 
film, a thin film protecting film formed on said thin film 
layer, and a substrate protecting film formed on said 
transparent substrate. A neutral plane of defbnnation 
caused by a temperature change of the optical Infomia- 



tion recording medium Is present within the thin film 
layer. Consequently, it has become possible to provide 
an optical information recording medium which can pre- 
vent deformation (warpage) caused by temperature and 
humidity changes and be readily manufactured. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an optical Information recording medium for recording and reproducing 
information, and more particularly, to an optical information recording medium which can suppress warpage caused by 
a change in environments or variance with time. 

BACKGROUND OF THE INVENTION 

10 

[0002] As an example optical Information recording medium for recording and reproducing Information, a thin disk 
type has been known. Figure 6(a) Is a plan view of such an optical information recording medium and Rgure 6(b) is a 
side elevation thereof. 

[0003] Rgure 7 is a schematic cross section showing an arrangement of a conventional optical information record- 
is ing medium 110. 

[0004] As shown in Figure 7, the conventional optical information recording medium 1 10 includes a disk (see Figure 
6(a]) substrate 120 made of polycarbonate or the like, on which a single- or multi-layer thin film layer 140 comprising 
thinfilms, such as dielectric films 141 and 143 (silicon nitride, etc.). a recording film 142 (TbFeCo, etc.), and a reflecting 
film 144 (Al, etc.). is formed by means of sputtering or the like. 

20 [0005] Also, a thin film protecting film 1 50 made of a resin film or the like is formed on the thin film layer 140, and a 
substrate protecting film 130 made of resin or the like is formed on the light incident surface of the substrate 120. 
[0006] The thicknesses of tiiese films and layers are as fbllows: the thickness of the substrate 1 20 is approximately 
1 .2 mm; the thickness of the single- or multi-layer thin film layer 140 formed by means of sputtering or the like Is 10-30 
nm; the thickness of the thin film protecting film 150 is 1 -30 ^m; and the thickness of the substrate protecting film 130 

25 is 1 -30 pm. Thus, the substrate 1 20 made of polycarbonate occupies most of the optical information recording medium 
110 in thickness. 

[0007] The rigkiity of the optical Information recording medium 1 10 depends almost entirely on the substrate 120. 
and because the substrate 120 is sufficientiy thick, deformation caused by a change in environments (temperature and 
humidity changes) is quite small. For tiiis reason, a balance of stress and a bending moment of each layer has not been 

30 considered generally in most of the cases. 

[0008] However, there has been a demand to further increase recording and reproducing density of the optical 
information recording medium, and the substrate has been made thinner (for example, tiie thickness Is now reduced to 
0.6 mm from 1 .2 mm) to suppress the occun-ence of aberration. As a result, tiie rigidity of the optical information record- 
ing medium is reduced, and larger deformation occurs due to stress produced in each layer forming the optical infbrma- 

35 tion recording medium with a change in environments (temperature and humidity changes), thereby posing a problem 
that information can not be readily recorded and reproduced. Thus, there has been an increasing need for an optical 
infomiation recording medium which can maintain good performance in response to a change in environments even if 
its rigidity is reduced by employing a tiiinner substrate. 

[0009] Japanese Laid-open Patent Application No. 195745/1992 (Japanese Official Gazette, Tokukaihei No. 4- 
40 195745, published on July 15. 1992) discloses a technique of suppressing deformation of the optical Information 
recording medium, by which a warpage preventing dielectric film Is provided on tiie back surges (the surface on which 
the thin film layer is not formed) of the substrate (prior art 0). 

[001 0] Rgure 8 is a cross section showing an arrangement of tiie above optical information recording medium (prior 
art (D). In Figure 8. like components are labeled witii like reference numerals witii respect to Figure 7 for ease of expla- 

45 nation. As shown in Figure 8, a dielectric layer 160 is provided on tine light incident side of tiie substrate 120 made of 
polycarbonate, so tiiat the same expansion coefficient is given to tiie recording film 142 and dielectric layer 160 which 
are provided respectively at the botii sides of tiie ti'ansparent sutsstrate 120. Consequentiy. because the optical infor- 
mation recording medium has a symmetrical structure with respect to tiie substrate 1-20. warpage of tiie optical infor- 
mation recording medium can be prevented. 

so [0011] Also. Japanese Laid-open Patent Application No. 64119/1998 (Japanese Official Gazette. Tokukaihei No, 
10-641 19, published on March 6, 1998) discloses that, by making a thin film protecting film tiiicker (30-50 ^m), warpage 
occurring with Increasing temperatures can be prevented (prior art (2)). 

[0012] Furtiier. Japanese Laid-open Patent Application No. 364248/1992 (Japanese Official Gazette, Tokukaihei 
No. 4-364248, published on December 16, 1992) proposes an optical information recording medium which can solve 
55 problematic warpage caused by a humidity change. This optical information recording medium includes, as shown in 
Figure 9, a thin film protecting film 150, a thin film layer 140, a substrate 120. a substrate protecting film 130. and in 
order to solve the problem. It addKionally includes a moisture permeation preventing film 170 made of SiOs, AIN, etc. 
between the substrate 120 and substrate protecting film 1 30 (prior art ®). In Figure 9, like components are labeled with 
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like reference numerals with respect to Figures 7 and 8 for ease of explanation. 

[001 3] Howev/er, according to the technique disclosed in Japanese Laid-open Patent Application No. 1 95745/1 992 
supra (see Figure 8, prior art ®), the dielectric layer 160 has to be provided on the light incid nt side of the substrate 
1 20 by means of sputtering or the like. In this case, the manufacturing procedure includes forming the thin film layer 1 40 

5 on one surface of the substrate 1 20. turning over the substrate 1 20. and forming the dielectric layer 1 60 on the opposite 
surface. Thus, not only the manufacturing procedure becomes complex, but also expensiv. manufacturing fadlity is 
required, thereby posing a problem that the manufacturing costs are undesirably increased. 
[0014J Also, the technique (prior art ®) of Japanese Laid-open Patent Application No. 641 19/1 998 supra poses a 
problem that the thin film protecting film is so thick that it can not be readily formed. In addition. In case that the optical 

10 infomfiation recording medium Is a magneto-optical recording medium, for example, in order to turn an applied magnetic 
field inversely at a high speed while Information is being recorded, it is preferable to approximate the thin film layer to 
magnetic field generating means. However, a too thick thin film protecting film can cause problematic deterioration of 
magnetic characteristics. 

[0015] Further, tiie technique of Japanese Laid-open Patent Application No. 364248/1992 supra (see Figure 9. 

IS prior art ®) demands the moisture permeation preventing film 170 made of SiOg, AIN. etc. to be provided on tiie light 
incident side of tiie substrate 120 by means of sputtering or the like. In this case, tiie manufacturing procedure includes 
forming tiie thin film layer 140 on one surface of the substrate 120. turning over the substrate 120. and forming tiie mois- 
ture permeation preventing film 170 on the opposite surface. Thus, not only the manufacturing procedure becomes 
complex, but also expensive manufacturing facility is required, tiiereby posing a problem that the manufacturing costs 

20 are undesirably increased. 

SUMMARY OF THE INVENTION 

[0016] It is tiierefore an object of tiie present invention to provide an optical information recording medium which 
25 can prevent deformation (warpage) caused by temperature and humidity changes and be readily manufactured. 

[001 7] In order to fulfill the above and otiier objects, an optical information recording medium of the present inven- 
tion is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; and 
30 a thin film protecting film, formed on the tiiin film layer, for protecting tiie tiiin film layer, 

a neutral plane of deformation in a tiiickness direction caused by a temperature change being present in a vidnrty 
of tiie thin film layer. 

[001 8] According to the above arrangement, the optical information recording medium has a multi-layer structure in 
35 which the thin film layer and thin film protecting film are formed on tiie substrate. 

[0019] If the substrate is made thinner in tiie optical information recording medium having such a multi-layer struc- 
ture, the rigidity is reduced, tiiereby posing a problem that warpage occurs in the thickness direction toward the thin film 
protecting film in response to a temperature changa 

[0020] To solve the above problem, a conventional optical infomfiation recording medium employing a thin substrate 
40 is additionally provided witii a warpage preventing dielectric layer. This solution, however, raises anotiier problem that, 
by providing the additional layer, tiie number of manufacturing st^ and manufacturing costs are undesirably 
Increased. In particular, because the dielectric layer is formed on the opposite side (tiie side opposite to the side where 
the ttiin film layer is formed) of tiie substrate, ttie substrate has to be turned over after the tiiin film layer is formed. 
Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility is 
45 required, thereby increasing tiie manufacturing costs. 

[0021] In conti'ast. according to the an^angement of the present invention, the neutral plane of deformation in the 
tiiickness direction caused by a temperature change is present in the vicinity of the tiiin film layer. In other words, bend- 
ing moments applied on the thin film layer from the substrate skJe and tiiin film protecting film side-are substantially can- 
celled out witii each otiier. 

50 [0022] More specifically, warpage of the optical information recording medium in the direction toward tiie tiiin film 
protecting film is caused by a bending moment applied on the ttiin film layer from the substrate side. Thus, according to 
the arrangement of the present invention, the bending moment applied on the thin film layer from tiie substrate side is 
cancelled out witii a bending moment applied thereon from the tiiin film protecting film side, and tiie vicinity of tiie thin 
film layer serves as tiie neutral plane of defomiation in the tiiickness direction. Hence, tiie optical information recording 

55 medium of the present invention causes warpage neither in the tiiickness direction nor in the opposite direction. 

[0023] Consequently, different from tiie conventional arrangement, the additional warpage preventing dielectric 
layer can be omitted, thereby eliminating tiie problem tiiat tiie manufacturing procedure becomes complex and tiie 
manufacturing costs are increased. 
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[0024] In order to fulfill the above and other objects, another optical information recording medium of the present 
Invention is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; 
5 a thin film protecting film, formed on the thin film layer, for protecting the thin film layer: and 

a substrate protecting film, formed on the substrate on a surfoce opposite to a surface where the thin film layer is 
formed, for protecting the substrate. 

a moisture permeation degree of the substrate protecting film being smaller than a moisture permeation degree of 
the thin fflm protecting film. 

10 

[0025] In case of the optical information recording medium in which tiie thin film layer and tiiln film layer protecting 
film are formed on one side of the substrate and the substrate protecting film on tiie otiier side, only a slight quantity of 
water is absorbed from tfie external and reaches the substrate in the tiiln film protecting film side because of the thin 
film layer interposed therebetween, whereas water readily reaches the substrate in the substrate protecting film side. 
IS Thus, tiiere is a problem tiiat a volume change occurs locally on tiie substrate In response to a humidity chaitge. 
thereby causing warpage of the optical information recording medium. 

[0026] in order to solve such a problem, a conventional optical information recording medium is additionally pro- 
vided witii a moisture permeation preventing film which can prevent warpage caused by a humidity change. This solu- 
tion, however, raises another problem that, by providing the additional layer, ttie number of manufacturing steps and 
20 manufacturing costs are undesirably increased. In particular, because tiie moisture permeation preventing film Is pro- 
vided between the substrate and substrate protecting film, the substrate has to be turned over after the thin film layer is 
formed. Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufecturing facHity 
is required, thereby increasing the manufacturing costs. 

[0027] In confrast, according to the arrangement of tiie present invention, a moisture permeation degree of the sub- 
25 strate protecting film is smaller than that of tiie thin film protecting film. Hence, because absorption of vrater from tiie 
substrate protecting film side can be reduced, warpage of the optical infonnation recording medium caused by a humid- 
ity change can be suppressed. 

[0028] Consequentiy, different from the conventional anangement. ttie additional moisture permeation preventing 
film can be omitted, thereby eliminating the problem that the manufacturing procedure becomes complex and tiie man- 
so ufacturing costs are increased. 

[0029] For a fuller understanding of the nature and advantages of tiie invention, reference should be made to the 
ensuing detailed description taken in corijunction witii the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0030] 

Figure 1 is a schematic cross section showing an arrangement of an optical information recording medium in 
accordance witii an embodiment of tiie present invention; 
40 Figures 2(a) and 2(b) are views explaining warpage of the optical information recording medium; 
Figure 3 is a view explaining a multi-layer beam; 

Figure 4 is a view showing time dependency of a variation of warpage angles in response to a temperature change; 
Figure 5 is a view showing time dependency of a variation of warpage angles In response to a humidity change; 
Figure 6(a) is a plan view showing an anrangement of a typical optical information recording medium, and Figure 
45 6(b) is a side elevation thereof; 

Rgure 7 is a schematic cross section showing an arrangement of a conventional optical information recording 
medium; 

Figure 8 is a schematic cross section showing an example of a conventional optical information recording medium; 
Rgure 9 is a schematic cross section showing anotiier example of a conventional optical information recording 
50 medium; 

Figure 10 Is a view showing time dependency of a variation of warpage angles in response to a temperature 
change in an optical information recording medium as one example of the present invention; and 
Figure 1 1 1s a view showing time dependency of a variation of warpage angles in response to a humidity change in 
an qDtical InfOTmation recording medium as one example of tiie present invention. 

SB 
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DESCRIPTION OF THE EMBODIMENTS 
(Embodiment 1) 

5 [0031 1 The following will explain an optical information recording medium of the present embodiment, and the prin- 
cipie of the present invention will be given in the first place. 

® Principle 

10 [0032] As has been discussed in the BACKGROUND OF THE INVENTION, the optical information recording 
medium disclosed in Japanese Laid-open Patent Application No. 195745/1992 supra (see Figure 8} suppresses warp- 
age of the optical information recording medium by forming the layers symmetrically with respect to the transparent sub- 
strate 120. 

[0033] In this regard, with an optical information recording medium 10 including, as shown in the schematic cross 
15 section of Figure 1 , a thin film protecting film 50, a thin film layer 40, a transparent substrate (substrate) 20, and a sub- 
strate protecting film 30. the inventors of the present invention discovered that (a) warpage of the optical information 
recording medium 10 can be suppressed by positioning the thin film layer 40 (or the vicinity thereoQ at the center of 
deformation caused by a temperature change, that is, making the qatical information recording medium 10 symmetrical 
with respect to the thin film layer 40. and (b) the thin film protecting film 50 can be made thinner while warpage is sup- 
20 pressed. This will be described more in detail In the following. 

[0034] As shown in Rgure 1. the optical information recording medium 10 includes the transparent substrate 20 
made of polycarbonate or the lil«, on which the single-or multi-layer thin film layer 40 comprising thin films, such as die- 
lectric films 41 and 43 (silicon nitride, etc.), a recording film 42 (TbFeCo, etc.). and a reflecting film 44 (Al. etc.), is 
formed by means of sputtering or the like. In addition, the thin film protecting film 50 mainly made of resin is formed on 
25 the thin film layer 40. and the substrate protecting film 30 mainly made of resin is formed on the transparent substrate 
20 on the opposite surface to the surface where the thin film layer 40 Is formed, so that the transparent substrate 20 is 
protected. 

[0035] As has been discussed, the optical information recording medium is generally composed of multiple layers, 
and because each layer has different linear expansion coefficient as one of the physical properties, stress produced in 

30 each layer in response to a temperature change is also different. 

[0036] To be more specific, the transparent substrate 20 made of polycarbonate, substrate protecting film 30, and 
thin film protecting film 50 normally have larger linear expansion coefficients than the thin film layer 40, and expansion 
of the thin film layer 40 in the radius direction of the substrate is quite small compared with that of the other layers. Also, 
the thickness of the transparent substrate 20 is quite large compared with the thicknesses of the substrate protecting 

35 film 30 and thin film protecting film 50. ard each thin film forming the thin film layer 40 has quite large Young's modulus 
compared with the other layers. Thus, in response to a temperature change, the thin film layer 40 expands slightly while 
the transparent substrate 20 expands signifteantly. As a result, the optical information recording medium 10 readily 
causes warpage in a direction perpendicular to the radius direction toward the thin film protecting film 50 in the film 
thickness direction. Figure 2(a) is a plan view schematically explaining warpage. and Figure 2(b) is a side elevation 

40 thereof. 

[0037] In the present embodiment, in order to prevent such warpage, a bending moment is applied to the thin film 
layer 40 in the opposite direction to a bending moment applied thereto from the transparent substrate 20 by adjusting 
the linear expansion coefficient. Young's modulus, and fflm thickness of the thin film protecting film 50 formed on the 
thin film layer 40. Then, by using a plane parallel to the film surface within the thin film layer 40 (or In the vicinity thereof) 
45 as a neutral plane of deformation, deformation (warpage shown in Figures 2(a) and 2(b)) caused by a temperature 
change can be suppressed. 

[0038] To be more specific, the optical information recording medium 1 0 of the present invention is ananged in such 
a manner that a neutral plane of deformation in the thickness direction caused by a temperature change is present in 
the vicinity of the thin film layer 40. In other words, the optical information recording medium 1 0 of the present invention 

50 is arranged In such a manner that bending moments applied on the thin film layer 40 from the substrate 20 side and thin 
film protecting film 50 side in response to a temperature change are substantially cancelled out with each other. 
[0039] In order to realize such an arrangement, the thickness. Young's modulus, linear expansion coefficient of 
each of the substrate 20, thin film layer 40, and the thin fflm protecting film 50 (particularly the thin film protecting film 
50) are set to their respective desired values. 

55 [0040] The linear expansion coefficient, Young's modulus, film thickness of the thin film protecting film 50 are set in 
accordance with the approximate calculations set forth below. 

[0041] In the optical information recording medium 1 0, three kinds of stress are produced in r sponse to a temper- 
ature change: stress (axial tension) applied in the radius dir ction; stress applied in a circumferential direction; and 
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stress applied in the film thickness direction. However, because the optical information recording medium 10 is a disk, 
the stress applied in the circumferential direction is even within the circumference, and a force in the film thickness 
direction is applied evenly within each layer. Therefore, these two kinds of stress can be assumed as non-contributing 
factors to deformation. Hence, deformation, that is, warpage (see Figures 2(a) and 2 (b)), of the optical information 
5 recording medium 10 can be replaced with warpage in a multi-layer beam which corresponds to the cross section of the 
same. Figure 3 shows the multi-layer beam, in which n-layer beam are illustrated, where n represents the number of 
layers In the optical information recording medium. In case of the optical information recording medium 1 0 of Rgure 1 , 
n=7. 

[0042] Warpage angles 6 in the multi-layer beam in response to a temperature change can be expressed by follow- 
10 ing Equations (1) through (5) derived from a balance of the axial tension P| {M , 2, .... n) and bending moment M| in 
each layer: 

M, = E,I|/R, (1) 
75 a ,T + (P ^ ,E ,) - (t ,/2R ,) = a ^1 T+ (P i^^/bl E + (t ^^IZR (2) 

i (3) 
/-I 

20 

n 

D /W/+Pi{y(fi/2)}+P2{y-fi-(^2^)}+- • • +P„{/-fr^2 H^mho (4) 
/.I 

25 

e=:tan'\(L-2)/R (5) 

where 



30 


ttj: 


linear expansion coefficient of the i layer 




E|: 


Young's modulus of the i layer 






thickness of the i layer 






axial tension in the i layer 




M)! 


bending moment in the i layer 


35 


R,: 


radius of curvature 




li- 


secondary moment of the 1 layer's aoss section 




b: 


width of multi-layer beam (unit length) 




T: 


tenrperature change 




L: 


length of a beam 


40 


y: 


neutral plane's position in the n-layer beam 




0: 


warpage angles (see Rgure 3) at the largest variation part when a length 1=4 mm. 



[0043] Because the thickness of each layer is far smaller than the radius of curvature, the radius of curvature (R;) 
in each layer (i=1, 2. • • •, n) can bedeemed as equal (Ri=R2=R3= • • • =R). Also, a temperature change (T) is a 
45 temperature change in the usable temperature environment (generally, from -IS^'C to SO^'C) of the optical Information 
recording medium. 

[0044] In Equations (1) through (5) above, the thickness. linear expansion coefficient (a), and Young's modulus (E) 
of each layer (particularly those of the thin film protecting film 50. because those of the thin film layer 40 are often deter- 
mined in advance by characteristics of tfie optical information recording medium) are determined In such a manner that, 
so when y is set within the thin film layer 40, small 0 is given, that is, a large radius of curvature (R) is given. Consequently, 
an optical information recording medium which can suppr^s warpage shown in Figures 2(a) and 2(b) caused by a tem- 
perature change can be obtained. 

[0045] Incidentally, when the thin film protecting film 50 in the optical information recording medium becomes 
thicker, It becomes more difficult to form the same by means of spin coating. Also, in case that the optical information 
55 recording medium is a magneto-optical recording medium, If the thin fOm protecting film 50 becomes thicker, the mag- 
netic head is spaced apart farther from the thin film layer 40, which is not preferable from the view points of magnetic 
characteristics. In view of the foregoing, th film thickness of the thin film protecting film 50 is preferably set to 30 ^m or 
less, and more preferably to 20 ^m or less. Thus, the thin film protecting film 50 has to satisfy the above film thickness 
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condition (30 ]im or ie88 (preferably 20 \imoT Ies8)). and at the same time It has to be made of materials having the 
linear expansion co fflclent (a) and Young's modulus (E) such that can reduce 0 In Equations (1) through (5) above. 
According to Equations (1) through (5) above, even if the film thickness Is small, 0 can be reduced by making at least 
one of the linear expansion coefficient (a) and Young's modulus (E) large. 

5 [0046] As has been discussed, with the optical Information recording medium 10 of the present embodiment, the 
occurrence of warpage can be suppressed by setting the physical properties of each layer (particularly the thin film pro- 
tecting film 50) In such a manner that the neutral plane of deformation caused by a temperature change Is positioned 
within (or in the vicinity of) the thin film layer 40. In addition, of all the layers forming the optical Information recording 
medium 10. the thin film layer 40 having the slowest deformation rate causes the slightest deformation, and overshoot 

10 of variation, which causes a problem when a temperature actually changes, also becomes small. Further, because only 
the substrate protecting film 30 mainly made of resin has to be formed on the light incident side of the transparent sub- 
strate 20, the optical information recording medium 10 can be manufactured more readily in comparison with the spin 
coating or the like, thereby simplifying the manufacturing procedure. 

[0047] The above description explained that the physical properties of each of the layers (particularly the thin film 
IS protecting film 50) forming the optical information recording medium 1 0 are set by using the materials characteristics of 
these layers, so that the neutral plane of deformation caused by a temperature change is present within (or in the vicin- 
ity of) the thin film layer 40. However, in general, each layer forming the thin film layer 40 of the optical information 
recording medium 10 is so tiiin that the thin film layer 40 can be deemed as a single layer, and the physical properties 
of each layer (particulariy the thin film protecting film 50) may be set in such a manner tiiat the bending moments 
20 applied on the thin film layer 40 In response to a temperature change from the both sides (the transparent substrate 20 
and substrate protecting film 30 side and tiie thin film protecting film 50 side) are substantially cancelled out whh each 
other. In this case, warpage of the thin film layer 40 caused by a temperature change can be also eliminated almost 
completely. By taking the fact that the ti'ansparent substrate 20 has a considerable thickness into consideration, in order 
to reduce tiie thickness of the tiiin film protecting film 50 (30 fim or less (preferably 20 ^m or less)), at least one of tiie 
25 linear expansion coefficient (a) and Young's modulus (E) of the thin film protecting film 50 has to be larger than those 
of tiie transparent substrate 20. 

® Examples 1 and 2 and Comparative Example 1 

30 [0048] Next, the following will explain examples of the optical information recording medium 10 formed based on 
the above principle. In Examples 1 and 2 and Comparative Example 1 . tiie tiiin film layer 40 was made of an aluminum 
nitride layer alone. This Is because, in most of the cases, deformation of the thin film layer 40 is caused by the dielectric 
layer made of aluminum nitride, etc. Also, in Examples 1 and 2 and Comparative Example 1, the substrate protecting 
film 30 was omitted. Thus, it should be appreciated that when the substi'ate protecting film 30 is formed, the physical 

35 properties of each layer (particularly the thin film protecting film 50) have to be set In consideration of the presence of 
the substrate protecting film 30. 

[0049] A medium formed as Example 1 included a substrate (transparent substrate) 20 made of polycarbonate, on 
which an aluminum nitride tiiin film layer (thin film layer 40), and UV curable resin 1 (thin film protecting film 50) 
designed under the conditions in accordance with Equations (1) through (5) above were formed. An optical information 
40 recording medium formed as Comparative Example 1 included a polycarbonate substrate, on which an aluminum 
niti'ide thin film layer and convectional UV curable resin 2 (tiiin film protecting film) were formed. The arrangements of 
Example 1 and Comparative Example 1 are set fbrtii in Table 1 and Table 2 below. 



Table 1 



so 



55 



Example 1 




MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 

(1/"C) 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 


THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 1 


16 Jim 


1.80E-IO9 


7.10E-05 
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Table 2 



5 


Comparative Example 1 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
(1A»C) 


10 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E409 


6.00E-05 




THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


15 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 2 


15|im 


1.80E409 


5.62E-05 



[0050] Table 1 and Table 2 reveal that the difference between Example 1 and Comparative Example 1 was the liner 
20 expansion coefficient of the UV curable resin (thin film protecting film 50), and the one having a larger linear expansion 
coefficient was used in Example 1 . As the transparent substrate 20. a disk having the minor diameter of 1 5 mm and the 
major diameter of 1 20 mm was used in both Example 1 and Comparative Example 1 . 

[0051 ] A temperature change (T=30°C) was given to the media of Example 1 and Comparative Example 1 (temper- 
atures of the media were raised from 25°C to 55°C), and a variation of warpage angles e at the outer circumference 
25 portion (r=56 mm) with time was analyzed. The reason why a variation of warpage angles was analyzed instead of the 
warpage angles itself is because the medium has its own warpage angles at normal temperature, and the warpage 
angles itself does not precisely represent deformation caused by a temperature change. 

[0052] Rgure 4 shows the analysis results. Both the largest variation and normal state value of variation of warpage 
angles of the medium of Example 1 were smaller than those of the medium of Comparative Example 1. Thus, it is 

30 understood that deformation was suppressed in the medium of Example 1 . Figure 4 reveals that, according to Example 
1 . even H the film thickness was 20 \im or less, no significant temporal warpage occun^ed in response to a temperature 
change. Further, Figure 4 also shows predicted variations of warpage angles 0 calculated in accordance with Equations 
(1) through (5) above, and these predicted approximate values were very close to the actual values, thereby proving 
reliability of the approximate values. 

35 [0053] Next, the following will explain a medium (Example 2) using UV curable resin 3 having large Young's modu-' 
ius. The medium of Example 2 had different UV curable resin characteristics from those in the medium of Example 1. 
The arrangement of Example 2 is set forth in Table 3 below. 



40 






Tabled 








Example 2 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 


45 










(1/°C) 




TRANSPARENT 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 




SUBSTRATE 












THIN FILM UWER 


ALUMINUM 


79 nm 


3.43E+11 


5.60E-06 


50 




NITRIDE 










THIN FILM PRO- 


UV CURABLE 


16^m 


3.60E+09 


5.68E-05 




TECTING FILM 


RESIN 3 









55 [0054] A variation of warpage angles 9 predicted by calculations in accordance with Equations (1) through (5) 
above was 5.18 mrad, and it is understood that warpage caused by a temperature change was reduced significantiy 
compared with Comparative Example 1. 

[0055] As has b en discussed, according to the optical information recording medium of the present embodiment, 
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temporal significant warpage caused by a temperature change can be suppressed. Tlius, even when the temperature 
cf the medium rises while information is recorded or reproduced, problems, such as defective reproducti n, can be con- 
trolled. In addition, the thin f Dm protecting film 50 can be made thinner. 

5 (Embodiment 2) 

[0056] The present embodiment will explain an optical information recording medium which can prevent deforma- 
tion caused by a humidity change. 

10 (D Principle 

[0057] The optical information recording medium 10 of Figure 1 employs the substrate made of polycarbonate or 
the like as the transparent substrate 20. Thus, under high humidity circumstances, the transparent substrate 20 absorbs 
moisture and expands, thereby causing deformation of the optical information recording medium 10. In particular, when 

IS a moisture permeation degree of the substrate protecting film 30 Is greater than that of the thin film protecting film 50, 
a deformation rate of the substrate 20 becomes fester than that of the thin film protecting film 50. Accordingly, large 
overshoot of a variation occurs when hun^dity actually changes, thereby raising a serious problem. 
[0058] In the present embodiment the above problem occurring in practical use is solved by suppressing the over- 
shoot by making a moisture permeation degree of the substrate protecting film 30 smaller than that of the thin film pro- 

20 tectingfilm50. 

® Exan^le 

[0059] A medium formed as Example 3 was identical with the medium of Example 1 above except that the substrate 
25 protecting film 30 made of UV curable resin 4 was additionally provided. A medium formed as Comparative Example 2 
for purpose of comparison was also identical with the medium of Example 1 except that the substrate protecting f ilm 30 
made of UV curable resin 5 was additionally provided. Moisture penneation degrees of the UV curable resins of Exam- 
ple 3 and Comparative Example 2 are set forth in Table 4 below. 

30 

Table 4 



35 





SUBSTRATE PROTECTING FILM 


THIN FILM PROTECTING FILM 




FILM 


MOISTURE PER. 
MEATION DEGREE 
(g/m^'day) 


FILM 


MOISTURE PERME- 
ATION DEGREE 
(g/m^*day) 


EXAMPLES 


UV CURABLE 

RESIN 4 


2.20E4-02 


US CURABLE 

RESIN 1 


4.60E-f02 


COMPARATIVE 
EXAMPLE 2 


UV CURABLE 
RESINS 


9.70E+02 


UV CURABLE 
RESIN 1 


4.60E+02 



[0060] A humidity change was given to the media of Example 3 and Comparative Example 2 (ambient humidity was 
increased from 50% to 90%), and a variation of warpage angles 6 at the outer circumference portion (r=56 mm) with 
45 time was analyzed. 

[0061] Figure 5 shows the analysis result. The largest variation (at the overshoot) of warpage angles in Example 3 
was quite small compared with that in Comparative Example 2, and it is understood that deformation caused by a 
humidity change was suppressed in the medium of Exanple 3. 

[0062] The foregoing principles stand up for polycarbonate substrates or the like thinner than those used in Exam- 
50 pies 1 through 3, which will be explained in Example 4 as follows. 

[0063] A medium formed as Exanple 4 was identical with the medium of Example 3 except that the thickness of the 
substrate (transparent substrate) 20 was 0.5 mm (the arrangements are set forth in Table 5 below), and a variation of 
warpage angles e in response to the temperature change and humidity change was analyzed. 
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Tables 



5 




MATERIAL 


FILM THICK- 
NESS 


YOUNG'S MOD- 
ULUS (Pa) 


LINEAR EXPAN- 
SION COEFFI- 
CIENT (1/*C) 


MOISTURE 
PERMEATION 
DEGREE 
(g/m^-day) 


10 


SUBSTRATE 

PROTECTION 

FILM 


UV CURABLE 
RESIN 6 




6.8E+09 


5.0E-05 


2.2E-K)2 




TRANSPAR- 
ENT SUB- 
STRATE 


POLYCAR- 
BONATE 


0.5 MM 


3.3E+09 


6.0E-05 




15 


THIN FILM 
LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.4E+11 


5.6E^6 




20 


THIN FILM 
PROTECTING 

FILM 


UV CURABLE 
RESIN 7 


12 


5.9E+09 


7.2E-05 


4.6E402 



[0064] Rgures 10 and 1 1 show the analysis results. Figure 10 shows a transitional variation of tiit along radius in 
response to a temperature Change (a change from 25°C at 50% to 70°C at 30% was given), and Rgure 1 1 shows a 
25 variation of tilt along radius in response to a humidity change (a change from 25°C at 60% to 25°C at 90% was given). 
The transparent substrate 20 had a minor diameter of 7 mm and a major diameter of 50 mm. The analysis results reveal 
that the foregoing principles stand up even in a case where a thinner transparent substrate 20 Is used, and therefore, a 
variation of warpage can be also suppressed in such a case. 

[0065] As has been discussed, according to the optical information recording medium of the present embodiment. 
30 even if humidity changes, no temporal significant warpage occurs, thereby suppressing a problematic defective repro- 
duction when Information is recorded and reproduced. 

[0066] In the optical Information recording medium of the present embodiment. If the physical properties of the thin 

film protecting film 50 and substrate protecting film 30 are set so as to form the neutral plane of deformation caused by 
a temperature change within (or in the vicinity of) the thin film layer 40 as was discussed in Embodiment 1 . not only can 
35 deformation caused by a humidity change be prevented as was discussed herein, but also deformation caused by a 
temperature change can be prevented. 

[0067] As has been discussed. In the present Invention, by an-anging the optical information recording medium in 
such a manner that the neutral plane of deformation caused by a temperature change is present within (or in the vicinity 
of) the thin film layer, such as a magnetic film, a variation caused by a temperature change can be reduced, thereby 

40 enhancing information recording and reproducing reliability. 

[0068] Also, in the optical information recording medium, by making at least one of Young's modulus and linear 
expansion coefficient of the thin film protecting film larger than those of the transparent substrate, the thin film protecting 
film can be made thinner. Consequently, the optical information recording medium can be readily manufactured. More- 
over, in case of a magneto-optical recording medium, the magnetic characteristics can be Improved. 

45 [0069] In addition, by providing a substrate protecting film having a smaller moisture permeation degree than that 
of the thin film protecting film, a variation caused by a humidity change can be reduced, thereby enhancing information 
recording and reproducing reliability. 

[0070] An optical information recording medium of the present Invention, including at least a transparent substrate, 
a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflecting film, and 
so a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such a manner that 
the neutral plane of deformation in the film thickness direction caused by a temperature change while information is 
recorded and reproduced is present in the vicinity of the thin film layer. 

[0071] Also, an optical information recording medium of the present invention, including at least a transparent sub- 
strate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflecting 

55 film, and a thin film protecting film formed on the thin film layer and mainly made of resin, may be an^anged in such a 
manner that bending moments applied on the thin film layer from the both sides in the film thickness direction are sub- 
stantially equal. 

[0072] In addition, an optical information recording medium of the present invention, including at least a transparent 
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substrate, a thin f iim layer formed on the transparent substrate and having at least one of a recording f Dm and a reflect- 
ing film, and a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such 
a manner that at least one of Young's modulus and the linear expansion coefficient of the thin film protecting film is 
larger than those of the transparent substrate, respectively. 
5 [0073] Further, an optical Information recording medium of the present invention may be arranged in such a manner 
that the film thickness of the thin film protecting film is 20 \ijm or less. 

[0074] tn addition, an optical information recording medium of the present invention, including at least a transparent 
substrate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflect- 
ing film, a thin film protecting film formed on the thin film layer and mainly made of resin, and a substrate protecting film 
10 formed on the light incident side of the transparent substrate and mainly made of resin, may be an-anged in such a man- 
ner that a moisture permeation degree of the thin film protecting film is smaller than that of the substrate protecting film. 
[0075] The neutral plane of deformation referred to herein means a plane expressed by a value of y when warpage 
angles 0 is almost 0 (zero) in Equations (1) through (5) above. 

[0076] The invention being thus described, it will be obvious that the same may be varied in many ways. Such var- 
75 iations are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included witiiin the scope of the following claims. 

Claims 

20 1 . An optical information recording medium including: 

a thin film layer (40). formed on a substrate (20), for recording and reproducing Information; and 
a thin film protecting film (50), formed on said thin film layer (40). for protecting said thin film layer (40), 
a neutral plane of deformation in a thickness direction caused by a temperature change being present in a 
25 vicinity of said tiiin f Qm l^er (40). 

2. An optical inf(»'mation recording medium including: 

a thin film layer (40). formed on a substrate (20), for recording and reproducing information; and 
30 a thin film protecting film (50), formed on said thin film layer (40), for protecting said thin film layer (40), 

bending moments applied on said thin film layer (40) from a substrate (20) side and a thin film protecting film 
(50) side in response to a temperature change being substantially cancelled out witii each other. 

3. The optical information recording medium of Claim 1 , wherein a thickness, Young's modulus, and a linear expan- 
ds sion coefficient are set to their respective desired values in each of said substi-ate (20), tiiin film layer (40), and thin 

film protecting film (50), so that tiie neutral plane of deformation in the thickness direction caused by a tenperature 
change is present in tiie vicinity of said tiiin film layer (40). 

4. The optical information recording medium of Claim 3. wherein at least one of Young's modulus and tiie linear 
40 expansion coefficient of said thin film protecting film (50) is larger than one of Young's modulus and the liner expan- 
sion coefficient of said substrate (20), respectively 

5. The optical Information recording mecOum of Claim 3. wherein the thickness of said thin film protecting film (50) is 
20 fim or less. 

45 

6. The optical information recording medium of Claim 1 , further including a substrate protecting film (30), formed on 
said substrate (20) on a surface opposite to a surface where said thin film layer (40) Is formed, for protecting said 
substrate (20). a moisture permeation degree of said substrate protecting film (30) being smaller than a moisture 
pemieation degree of said tiiin film protecting film (50). 

50 

7. An optical information recording medium Including: 

a tiiin film layer (40). formed on a substrate (20). for recording and reproducing information; 
a thin film protecting film (50), formed on said tiiin film layer (40). for protecting said thin fflm layer (40); and 
55 a substrate protecting film (30). formed on said substrate (20) on a surfece opposite to a surface where said 

thin film layer (40) is formed, for protecting said substrate (20), 

a moisture permeation degree of said substrate protecting film (30) being smaller tiian a moisture permeation 
degree of said thin film protecting film (50). 
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8. An optical information recording medium at least including: 
a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
5 and a reflecting film (44); and 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 

a neutral plane of deformation in a film thickness direction caused by a temperature change while information 

is recorded and reproduced being present in a vicinity of said thin film layer (40). 

10 9. An optical information recording medium at least including: 

a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
and a reflecting film (44); and 
75 a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 

bending moments applied on said thin film layer (40) from both sides thereof in a film thickness direction being 
substantially equal. 

10. An optical information recording medium at least including: 

20 

a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
and a reflecting film (44); and 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 
25 at least one of Young's modulus and a linear expansion coefficient of said thin film protecting film (50) being 

larger than one of Young's modulus and a liner expansion coefficient of said transparent substrate (20). respec- 
tively 

11. The optical information recording medium of Claim 8. 9, or 10. wherein a film thici^ess of said thin film protecting 
30 film (50) is 20 prt\ or less. 

12. An optical information recording medium at least including: 

. a transparent substrate (20); 

35 a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 

and a reflecting film (44); 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin; and 

a substrate protecting film (30) formed on a light incident side of said transparent substrate (20) and mainly 

made of resin, 

40 a moisture permeation degree of said substrate protecting film (30) is smaller than a moisture permeation 

degree of said thin film protecting film (50). 



so 
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